Lung adenocarcinoma is the most common type of non-small cell lung cancer in Asia. Therefore, it is important to improve understanding of the underlying transcriptional regulatory mechanisms involved. The present study aimed to identify potential candidate genes and transcription factors (TFs) associated with the disease. Four gene expression profiles were downloaded from the Gene Expression Omnibus database, which included 141 lung adenocarcinoma patients and 191 healthy controls. The differentially expressed genes (DEGs) were screened out and functional annotation was performed. In addition, TFs were identified and a global transcriptional regulatory network was constructed. Integrated analysis gave rise to a total of 1,238 DEGs in lung adenocarcinoma when compared with healthy tissues, including 970 upregulated and 268 downregulated DEGs. The six overexpressed outlier genes of ceruloplasmin, heparan sulfate 6-O-sulfotransferase 2, transmembrane protease serine 4, anillin actin binding protein, cellular retinoic acid binding protein 2 and cystatin SN may serve important roles in the development of lung adenocarcinoma. In addition, the downregulation of carbonic anhydrase 4 and S100 calcium binding protein A12 may render these effective diagnostic biomarkers. The results of the transcriptional regulatory network demonstrated that the hub nodes were sex determining region Y-box 10, Spi-B transcription factor and nuclear receptor subfamily 4 group A member 2. The four TFs, forkhead box D1, E74-like ETS transcription factor 5, homeobox A5 and kruppel-like factor 5, may warrant future investigations into their function in disease development. In conclusion, the present study provided for further studies a list of candidate genes and TFs for the detection and treatment of lung adenocarcinoma.
Introduction
Lung adenocarcinoma is a malignant cancer and a primary subtype of non-small cell lung cancer (NSCLC), with the greatest incidence and the worst prognosis worldwide (1) . In the majority of cases the development of lung adenocarcinoma is a multifactor and multistage process, which is associated with numerous genes (2) .
In addition to the gene expression exhibited by cancer and healthy tissues, identification of the differential interactions between genes in the development of lung adenocarcinoma should be considered, as this may identify critical genes that may not otherwise be detectable (3, 4) . Transcription factors (TFs) bind to a specific region of the DNA sequence and consequently regulate the transcription of target genes (5, 6) . Transcriptional regulation is crucial for the development of lung adenocarcinoma (7) . Therefore, it is important to construct gene regulatory networks that represent this (8) .
Extensive investigation has been performed into the underlying mechanisms of lung adenocarcinoma. A number of studies have assessed gene expression in lung adenocarcinoma (9) (10) (11) (12) or identified marker genes (13) . Using computational methods, the potential associations between TFs and differentially expressed genes (DEGs) in the regulation of transcription in lung adenocarcinoma have been identified and a regulatory network was constructed (14) . A previous study examined the underlying mechanisms of lung adenocarcinoma through the regulatory network using GSE2514 microarray data (7) . A previous study on the synergistic regulation of microRNAs (miRNAs) and TFs have identified a variety of significant motifs (15) . In addition, a miRNA-TF synergistic regulation network has been constructed (2) .
However, the molecular mechanisms underlying lung adenocarcinoma remain to be fully elucidated. Therefore, analysis of the regulatory mechanism based on a large-scale study of genes associated with this disease is important to further the understanding of lung adenocarcinoma. The large body of biological data generated from gene expression profiles is a useful resource for understanding and deducing gene function (16) .
The present study performed computational bioinformatics analysis of gene expression for the identification of potential transcriptional regulation associations between TFs and DEGs in lung adenocarcinoma and adjacent healthy tissue samples. The significantly enriched functions of these genes were investigated to further the understanding of the molecular mechanisms underlying lung adenocarcinoma. In addition, a transcriptional regulatory network was constructed.
Materials and methods
Source of datasets. The transcriptome sequencing data from lung adenocarcinoma patients were downloaded from the Gene Expression Omnibus (GEO) repository (www.ncbi.nlm. nih.gov/geo/) (17) . The following key words were used: [ʻLung Adenocarcinomasʼ (MeSH Terms) or ʻLung Adenocarcinomasʼ (All Fields)] and ʻHomo sapiensʼ (porgn) and ʻgseʼ (Filter). In total, four datasets were obtained with the following accession numbers: GSE62949, GSE27262, GSE43458 and GSE32863.
There were 191 cases and 141 controls enrolled in the present study. For each patient, the tumor and paired healthy tissue had been sequenced. The characteristics of the eligible datasets are summarized in Table I .
Differential gene expression analysis. For all datasets, the gene expression level data for cancerous and healthy tissues were preprocessed by background correction and normalization. The limma package (bioconductor.org/packages/release/bioc/html/limma.html) (18) in R was used to analyze differential expression between lung adenocarcinoma and healthy tissues by using a paired Student's t-test. The P-value and false discovery rate (FDR) were obtained. Genes with Benjamini-Hochberg adjusted FDR<0.05 were reported as DEGs in the present study (19) .
Gene function annotation and pathway analysis. To assess the alterations in DEGs occurring at the cellular level, and the functional clustering of DEGs, the online Gene Ontology Enrichment Analysis and Visualization Tool (cbl-gorilla. cs.technion.ac.il/) (20, 21) was used to identify and visualize the Gene Ontology (GO) database categories: Biology process, molecular function and cellular component (22) . In addition, GeneCodis3 (genecodis.cnb.csic.es/analysis) (23-25) was used to conduct Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis to investigate the functional roles and associations of the genes with varied expression in the analysis.
Screening of potential TFs. To understand the regulatory mechanisms, the present study further analyzed TFs, which are essential for the regulation of gene activation or repression, in lung adenocarcinoma. The TFs in the human genome and the motifs of genomic binding sites were downloaded from the TRANSFAC ® database (http://gene-regulation. com/pub/databases.html) (26) , and the DEGs encoding TFs were identified. The TRANSFAC position weight matrix was used for gene promoter scanning to identify DEGs with the TF binding sites in the promoter region. Finally, the transcriptional regulatory networks were established and visualized using Cytoscape 3.0 software (www.cytoscape. org/) (27, 28) . The transcriptome sequencing data from patients with lung adenocarcinoma were downloaded from the GEO database. In total, four datasets were obtained with the following accession numbers: GSE62949, GSE27262, GSE43458 and GSE32863. Collectively, data from 332 individuals were obtained, comprising 141 patients with lung adenocarcinoma and 191 controls. For each patient, the tumor and paired healthy tissue had been sequenced. GEO, Gene Expression Omnibus. Table II . Primers used in the present study.
RNA preparation and reverse transcription-quantitative polymerase chain reaction (RT-qPCR

Gene
Forward ( and corresponding healthy lung tissue samples were surgically resected, and immediately frozen in liquid nitrogen. Our study was approved by the ethics committee of Jining No. 1 People Hospital. The written informed consents were obtained from each of the patients. Total RNA was extracted using TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) according to the manufacturer's protocol. RNA was reverse-transcribed using SuperScript ® III Reverse Transcriptase (Invitrogen; Thermo Fisher Scientific, Inc.). RT-qPCR was performed using an ABI 7500 Real-Time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.) and a Power SYBR ® Green PCR Master mix (Invitrogen; Thermo Fisher Scientific, Inc.). qPCR reaction was performed under the following conditions: After denaturing for 10 min at 95˚C, PCR was performed for 45 cycles of 95˚C for 15 sec and 60˚C for 1 min, followed by a 10 min incubation at 72˚C. The results were analyzed using 2 -ΔΔCq method (29) . Student's t-test was performed to compare the gene expression in cancer and healthy tissue using Microsoft Excel. All reactions were analyzed triplicates.
The human β-actin gene was used as endogenous control. The primers were listed in Table II .
Results
Identification of differentially expressed genes. According to the inclusion criteria, four microarray datasets were obtained. Integrated analysis of these generated 1,238 DEGs with FDR<0.05 in lung adenocarcinoma compared with healthy tissues, including 970 upregulated and 268 downregulated DEGs. The top ten up and downregulated DEGs are presented in Table III .
Functional enrichment analysis of DEGs. GO enrichment analysis of DEGs was performed to understand their biological functions. A total of 3 GO categories were investigated: Biological process, cellular component and molecular function. The results revealed that the significantly enriched GO terms for biological process were involved in the regulation of responses to stimulus (GO: 0048583; P=5.00E-07), regulation of defense responses (GO: 0031347; P=2.00E-06) and circulatory system processes (GO: 0003013; P=2.79E-06). In addition, the plasma membrane part (GO: 0044459; P=1.35E-05) was the significantly enriched GO term for cellular component. Notably, the significantly enriched GO term for molecular function was receptor activity (GO: 0004872; P=6.43E-07; Table IV ).
KEGG pathway enrichment analysis indicated that extracellular matrix (ECM)-receptor interaction (FDR=1.05E-07) and cell cycle (FDR=1.18E-07) were significantly enriched. Furthermore, focal adhesion (FDR=9.43E-06), cell adhesion molecules (FDR=7.72E-05) and pathways in cancer (FDR=1.71E-04) were enriched ( Table V) .
Construction of TF-target gene regulatory network for lung adenocarcinoma.
To construct the TF-target gene regulatory network for lung adenocarcinoma, the TRANSFAC database was utilized to investigate TFs and their latent target genes. Differentially expressed TFs and latent target genes in lung adenocarcinoma were selected. A total of 40 differentially expressed TFs (27 upregulated and 13 downregulated) and 544 latent differentially expressed target genes were identified. The transcriptional regulatory network was subsequently constructed based on these findings. In the network, there were 36 TFs and 752 TF-target interactions (Fig. 1) . The top ten TFs regulating the greatest number of downstream target genes were sex determining region Y-box 10 (SOX10), Spi-B transcription factor (SPIB), nuclear receptor subfamily 4 group A member 2 (NR4A2), forkhead box D1 (FOXD1), E74 like ETS transcription factor 5 (ELF5), homeobox A5 (HOXA5), kruppel like factor 5 (KLF5), estrogen related receptor α (ESRRA), sterol regulatory element binding transcription factor 1 (SREBF1) and REL proto-oncogene, NF-kB subunit (REL; Table VI ).
Validation of differentially expressed TFs and targets.
Tumor and corresponding healthy lung tissue samples were used to validate the findings of the integrated analysis. Two TFs of SOX10 and HOXA5 were selected, where SOX10 had the highest number of downstream DEGs and HOXA5 was the primary significantly upregulated TF. In addition, solute carrier family 6 member 4 (SLC6A4) and sclerostin domain containing 1 (SOSTDC1) were two targets of SOX10 and they were listed in the top 50 significant DEGs. The transmembrane protease serine 4 (TMPRSS4) was a target of HOXA5 and it was listed in the top 300 significant DEGs. Therefore, SLC6A4, SOSTDC1 and TMPRSS4 were selected for validation. The RT-qPCR results demonstrated that the expression pattern of the selected genes was similar to that identified by the integrated analysis. SOX10 and TMPRSS4 were upregulated, whereas SLC6A4, SOSTDC1 and HOXA5 were downregulated in lung adenocarcinoma compared with the corresponding healthy lung tissue samples (Fig. 2) . The significance of difference was slightly different, which was primarily due to the difference of sample number. There were 4 pairs samples used in the RT-qPCR experiment, whereas there were 191 cases and 141 controls in the integrated analysis.
Discussion
Lung adenocarcinoma is the most common histological subtype of lung cancer. The present study investigated the molecular mechanisms underlying lung adenocarcinoma through the regulatory network using microarray datasets obtained from the GEO database. Integrated analysis of four microarray datasets identified a total of 1,238 DEGs (970 upregulated and 268 downregulated) in lung adenocarcinoma compared with healthy tissues. Functional annotation demonstrated that DEGs were closely associated with common pathways for cancers, including the cell cycle, p53 signaling pathway and pathways in cancer. In addition, ECM-receptor interactions, focal adhesion and cell adhesion molecules were significantly enriched, which may be closely associated with tumorigenesis in lung adenocarcinoma. Of the top ten upregulated and downregulated DEGs, the majority were associated with the pathological process of lung adenocarcinoma. A previous study demonstrated that ceruloplasmin (CP) was overexpressed at a high frequency in lung adenocarcinoma compared with corresponding healthy lung tissues (30) . Heparan sulfate 6-O-sulfotransferase 2 (HS6ST2) is significantly overexpressed in lung tumor tissues (31) . TMPRSS4 expression has been associated with postoperative recurrence in patients with lung cancer (32) .
In addition, anillin actin binding protein (ANLN) has been reported to be essential for the formation or organization of actin cables in the cleavage furrow and serves an important role in cytokinesis (33) . Suzuki et al (34) demonstrated that ANLN was overexpressed in the majority of primary NSCLCs, and the endogenous expression of ANLN in the nucleus was significantly associated with poor prognosis in patients with NSCLC. Cellular retinoic acid binding protein 2 (CRABP2) expression is markedly increased in lung adenocarcinoma (35) and the expression of cystatin SN (CST1) is closely associated with tumor metastasis properties in A549L6 cells (36) . In the present study, CP, HS6ST2, TMPRSS4, ANLN, CRABP2 and CST1 were significantly upregulated in lung adenocarcinoma compared with corresponding healthy lung tissues, indicating that the overexpressed outlier genes may serve important roles in the development of lung adenocarcinoma.
In addition, three of the top ten downregulated genes have been reported previously. Carbonic anhydrase 4 is downregulated in lung adenocarcinoma (37) . S100 calcium binding protein A12 (S100A12) is a proinflammatory marker that has the potential to be a diagnostic biomarker of NSCLC (38) . A recent study reported that interleukin (IL)-6 is upregulated in lung adenocarcinoma and suggested that IL-6 may be a therapeutic target for the treatment of V-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog-driven lung adenocarcinoma (39) . However, the present study revealed that IL-6 was downregulated in lung adenocarcinoma. Therefore, further studies are required.
Using the TRANSFAC database, 40 differentially expressed TFs were identified in lung adenocarcinoma and a transcriptional regulatory network was constructed. Based on the constructed transcriptional regulatory network, a set of crucial TFs, which had the highest number of downstream DEGs, were identified as being of interest, including SOX10, -02  Up  109  ANP32E, RIBC2, GRIP1, ADH1B, RETN, FEN1, HOXA5, PAFAH1B3,  MELK, DDX6, BAIAP2L1, SYT12, TNNC1, DHFR, CLMN, PLAC9,  FOXM1, CDC20, FAM3B, SLC6A4, CELSR3, KLHL12, ANGPTL7,  TMEM100, TDO2, EYA2, IGSF10, SOSTDC1, ANLN, EGLN3,  CLEC4E, RAMP1, ADAM8, CAPN10, KRT19, RBM3, C6, PABPC3,  ARHGEF15, MEA1, KLF4, DENND2A, SPDEF, AQP5, TRIM24,  RAD51AP1, GCGR, CBX5, VANGL1, SLCO5A1, IQGAP3, MARS PAICS, TNPO1, PRR11, HRASLS, ZNF253, DSC2, COL22A1, EYA2, PRKDC, ZDHHC9, DDHD1, HSF2BP, DPP3, SPP1, ABCA4, BHMT2, ADH1B, AGT, PLA2G4A, DLG5, RANBP9, UHRF1, CLEC1A, TNS4, ADAM28, LDOC1, ANLN, NNT, ZNF567, CCNB1, GUCY1A2, NHS, ARSE, CTHRC1, CD24, PTGFRN, CHI3L1, CASC5, PYGB, ATF3, PMAIP1, HOXC6, HIST1H4J, LYPLA1, GPR25, KIAA2022, PRC1, HN1, GLRX2, IGFBP3, TSPAN15, PDK1, WDR66, ACP2, KPNA2, PCP4, B4GALNT3, SLC14A1, GPR160, HGD, FGF14, P4HA1, SH3GL3, OSMR, GRAMD3, LRRN3, KLHL17, BCHE SPIB, NR4A2, FOXD1, ELF5, HOXA5, KLF5, ESRRA, SREBF1 and REL. A number of TFs may serve important roles in the development of lung adenocarcinoma. The human Forkhead-box gene family consists of at least 43 members (40), including FOXD1, the loss of which may suppress cell proliferation and significantly increase the life expectancy of patients with NSCLC (41) . A study using a transgenic mouse model of papillary lung adenocarcinomas revealed that ELF5 may cooperate with c-Myc to suppress and upregulate genes in cancer samples, which may serve an essential role in neoplastic transformation (42) . Microarrays of invasion/metastasis lung adenocarcinoma cell lines revealed that HOXA5 may contribute to the suppression of metastasis in lung cancer via the regulation of cytoskeleton remodeling. In addition, KLF5 may promote the apoptosis of lung adenocarcinoma cells, potentially via the inhibition of cell proliferation and repair/activation of apoptosis pathway proteins (43) . Therefore, the results of the present study may be useful for future investigations into the role of transcription factors in the development of this complex disease.
In conclusion, the present study generated a list of candidate genes and TFs for the future detection and treatment of lung adenocarcinoma. The results highlighted the potential mechanisms underlying human lung adenocarcinoma through the transcriptional regulatory network.
